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PREFACE 



There has been widespread inquiry for informatioi 
concerning the use of double galvanized iron wire an< 
steel strand for transmission purposes. 

The mechanical properties of iron wire and stee 
strand are well known but their electrical characteris 
tics under various conditions have not received as mucl 
investigation. 

We have had run a series of tests on steel strand and 
iron wire to determine their electrical characteristics and 
adaptability and are pleased to submit an abstract of 
these tests and a set of tables showing the electrical 
properties of samples tested. 

There are many cases where iron wire and strand 
can be, and are being successfully used in power lines, 
with reliability and economy. 

Just when and how depends on local conditions and 
is purely an engineering problem but the following 
treatise should aid you materially in solving your own 
individual problems. 

This pamphlet covers in a general way the very points 
that have been uppermost in the minds of Engineers 
and should fill a real want in the field of Transmission 
Line Engineering. 

We have prepared in cloth bound volume a more 
elaborate treatise on these tests which we shall be 
pleased to furnish gratis if you are further interested. 

Indiana Steel and Wire Company 
March 1, 1921 
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Abstract of Report 

OH 

Tests of Double Galvanized Steel Strand 

and 

Iron Wire 

for Electrical Transmission 

and Distribution 



Purpose of Tests. The object of these tests was to 
determine the electrical properties of certain represent- 
ative sizes and grades of steel cable and wire, with con- 
tinuous currents and with sine-wave alternating cur- 
rents, under a range of conditions such that the results 
would be applicable in designing transmission and dis- 
tribution lines in which steel conductors might be em- 
ployed with advantage. 

Test Samples. The following sizes and grades of 
galvanized steel conductors were submitted by the 
Indiana Steel and Wire Co. for test. 

H in. "High Strength " Strand. 
Vz in. " Siemens-Martin' ' Strand. 
H in. "Siemens-Martin" Strand. 
]i in. "Siemens-Martin" Strand. 
3/6 in. "Standard" Strand. 

3 Ply No. 8 Twisted Guy Wire. 

No. 6 B. W. G. "B. B." Telegraph Wire. 

Properties With Continuous Currents 

The following table shows the composition and cross- 
section of each sample, the resistance in ohms per mil- 
foot and ohms per mile of conductor at 20 deg. Cent., 
the conductivity ratio to standard copper and the tem- 
perature coefficient of resistance from and at a tempera- 
ture of 20 deg. Cent, or 68 deg. Fahr. 
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INDIANA STEEL AND WIRE COMPANY, Muncie, Ind. 



Properties With Alternating Currents 

Wires of any material offer both resistance and reac- 
tance to alternating currents. Theoretically the alternat- 
ing-current resistance is always greater than the con- 
tinuous-current resistance, the increase ranging from 
practically nothing under certain conditions to many 
times the continuous-current resistance under other 
conditions. Values of resistance determined from 
measurements with alternating currents are termed 
effective resistances in order to distinguish them from 
the true or continuous-current resistance and should 
always be employed in place of the latter in alternating- 
current calculations. The reactance of a conductor 
transmitting alternating current depends upon the 
character of the conductor, the frequency and the sepa- 
ration or spacing from the return conductor. There- 
fore it is necessary, in stating the effective reactance of 
a power line conductor at some given frequency, to 
state the separation from its parallel return conductor. 

The alternating-current tests on the samples of steel 
conductors before described were made with waves of 
sine shape and therefore the results stated in the tables 
which follow will be understood as applying exclusively 
to sine waves or waves of substantially that form. 
While no tests were made with waves of distorted shape, 
or containing harmonics, it is safe to assume that se- 
vere distortion would change the values of effective 
resistance and reactance appreciably, always tending to 
increase them. The following tables show the ratio of 
alternating-current resistance to continuous-current 
resistance, the effective alternating-current resistance 
per mile, the line loss in watts per mile and the effective 
reactance per mile at six different spacings, for frequen- 
cies of 25 and 60 cycles per second, with currents of 
5, 10, 15, 20, and 25 amperes. The values of effective 
resistance include the heating effect in the conductor 
when suspended in an atmosphere having a tempera- 
ture of 20 deg. Cent, or 68 deg. Fahr. 
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Discission of Results 

The seven samples represented in these tests are 
divisible as a whole into two classes, with rather marked 
difference in characteristics. The first group compris- 
es the samples of "High Strength" and "Siemens- 
Martin " strands, ranging in size from \i inch to X A inch 
diameter. These four samples are quite similar in 
their properties both with continuous currents and 
with alternating currents. The conductivity (D. C.) 
ranges from 9.20% to 9.97% of standard copper and 
the increase of resistance with alternating currents is 
merely nominal, reaching a maximum of 2.1% for the 
largest strand at the highest current density and the 
upper frequency. The reactances at the different spac- 
ings are roughly double the corresponding values for 
copper conductors of equal size. 

The second group comprises the samples of "Stand- 
ard" strand, 3 ply guy wire and No. 6 "B. B." wire. 
Their conductivity (D. C.) ranges from 13.05% to 
15.18% of standard copper, but they all exhibit pro- 
nounced increase of resistance with alternating currents 
at the higher values of current used, particularly in the 
case of the No. 6 "B. B." wire, whose maximum alter- 
nating-current resistance at 60 cycles is double its con- 
tinuous-current resistance. The values of reactance in 
the case of the "Standard" strand and the 3 ply guy 
wire are roughly three to six times the corresponding 
values for copper of equal size, but the relative values 
of reactance for the No. 6 " B. B." wire are much higher. 

These differences in characteristics are readily ac- 
counted for by differences in the relative hardness of 
the several grades of steel. The harder and stronger 
steels, such as "High Strength" and "Siemens-Martin", 
have relatively lower conductivity, nominal increase of 
resistance with alternating currents and moderate val- 
ues of reactance. The softer steels, such as " Standard " 
strand, guy wire and "B. B." wire, have conductivities 
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(D. C.) approaching that of pure iron, but their in- 
crease of resistance with alternating currents is very 
marked and their reactances are relatively high. It is 
self-evident that in considering the use of steel power 
conductors, or in calculations relative to their efficiency, 
effective values of alternating-current resistance and 
reactance should invariably be used. 

COflClttSHHIS 

The economic field for the use of steel power conduc- 
tors depends upon the prevailing market prices of the 
conductor materials from which a choice would ordi- 
narily be made, as well as upon engineering considera- 
tions relating both to fundamental principles and to 
local conditions in each specific case. Under normal 
market prices there is an economical field of consider- 
able proportions for the use of steel conductors. 

From the electrical standpoint the use of steel is 
determined by the same fundamental considerations 
with respect to line losses, regulation, carrying capac- 
ity and corona discharge as would apply in the case of 
any other conductor, with due regard also for the physi- 
cal characteristics of the material. In general the feas- 
ible applications of steel conductors may be summarized 
under situations of the following types. 

(a) For power lines of short or moderate length oper- 
ated at very high tension, where the minimum 
permissible size of conductor is one sufficiently 
large to avoid corona discharge, the line resistance 
being a secondary consideration. 

(b) For high-tension lines of short or medium length 
transmitting moderate amounts of energy, such 
that the line drop and loss fall within permissible 
limits, as for example in the case of branch or tap 
lines of high-tension networks. 
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(c) For short lines delivering small amounts of energy 
at the primary voltages customary in urban and 
rural distribution, such that the drop and the loss 
are not excessive. 

(d) For long or unusually severe spans requiring 
greater tensile strength and factor of safety than 
can be obtained with copper or aluminum. 

Respectfully submitted, 




Consulting Engineer 



Chicago, 111., 
March 1, 1921 
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